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ABSTRACT 
This study aimed at assessing the impact of desertification on food security, 
poverty and environmental situation of the people of west Omdurman area. 
The study used primary data by using the GIS techniques to analyze the digital 
data obtained from satellite image to monitor desertification and sand 
accumulation thickness. The study also used primary data obtained from a field 
survey, collected from a random sample of one hundred respondents in five 
villages affected by desertification and sand encroachment. These are Um 
Harout, Gabert Saeed, Wad Omer, Wad Abdo and El Zeriat. The study also 
used secondary data and information obtained from relevant official sources.  
The analysis of digital data from satellite image indicated that El Zereiat and 
Gabrat Saeed villages were covered by very thick sand (>50 cm) on rocky 
surfaces (mostly dunes). Wad Abdo area was covered by thick (25-50 cm) sand. 
It was found that most of Um Harout and Wad Omer areas were covered by thin 
vegetation and thin sand sheet. 
The descriptive analysis showed that most people in all villages worked as 
pastoralists and traditional rain fed farmers. It also showed that most people 
were composed of a young generation and large extended families. Illiteracy 
was found to be high. Also it was found that most of the people were working in 
small trade and marginal jobs and they were poor.  The study revealed that most 
families eat red meat and bread every two weeks in all villages.  
The regression analysis found a significant positive relationship between 
increased spending on animals' feed and a corresponding relative number of 
animals raised by households in the study area. This analysis indicated that they 
give more weight to their animal's well being than for them selves. 
The study recommended establishment of shelterbelts and windbreaks to reduce 
effect of sand movement by NGOs; use of water harvesting techniques as 
supplementary irrigation; and enforcement of the environmental laws and 
legislation for better management and protection of the natural base resources.  
ix 
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         CHAPTER ONE  
1.1 INTRODUCTION 
                  One of the current world problems is the serious reduction of food 
production against an ever increasing population. The problem is more 
acute in the third world, where desertification has had its toll. 
         Sudan, the largest country in Africa, is situated in the northeastern part 
of Africa, with an area amounting to 2.5 million square kilometers. 
There has been a continuous increase in food insecurity and sporadic 
widening gap between supply and demand of basic staple food in 
Sudan. This may be attributed to many factors such as shortage of 
capital for investment, unavailability of appropriate technical 
development and transfer, food reserves, and shortage in skilled labors 
etc. (Subhi, 1988)  
         The striking effect of the food problem has been felt more acutely in the 
early seventies (1968-1972) when the severe drought hit the Sahelian 
countries of Africa (Subhi, 1988). 
         Despite considerable improvement in food production over the last 50 
years, food security still remains a problem in many parts of the world.             
Food insecurity describes a situation in which people live in fear of 
hunger and starvation. World – wide, around 852 million men, women 
and children were chronically hungry due to extreme poverty; while up 
to 2 billion people lack food security intermittently due to varying 
degrees of poverty (FAO, 2003). The food security situation in general, 
is influenced by a wide set of socio- economic and – bio-physical 
driving forces. The food situation of a household is determined by fives 
factors: food availability, access to food, stability of supply and 
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accessibility, and the degree to which food is nutritious and safe and 
therefore can be utilized (USAID I995). 
          The repercussions of 1984/85 famine showed that famine has been a 
consequence of a long process; which the main contributing factors 
such as drought, desertification, poor government and agriculture 
policies (Ibrahim, 1984, ILO. 1985). 
         Desertification is a major environmental problem with adverse socio-
economic impact, particularly in the arid, semi-arid and dry sub humid 
lands of developing countries such as those of Africa and the Sudan. 
Desertification results in land degradation, which is described as           
a process that reduces the current and potential productive capacity of 
land (soil, land surface, vegetation and local water resources) (United 
Nation, 1992). 
          West Omdurman area provides a case in point as it has been dominated 
by desert encroachment. This process continued to cause damage to the 
livelihood in that area. West Omdurman suffered from desertification 
and drought combined with irrational use of natural resources resulting 
in future land degradation of the area. These are reflected in soil 
erosion, reduction in vegetation cover and misuse of land (Doka  and 
Hamid, 2006). 
         Hence, it seemed that the environmental changes associated with 
desertification in west Omdurman had tended to be localized and 
combined three factors: (i) Seasonal dryness or drought stress (ii) 
Excessive pressure on land use (iii) Evolution of naturally vulnerable 
people and places.  
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1. 2 Statement of the problem: 
        The issue of food security and desertification is a global problem, which 
received little attention and follow-up from the government and the national 
community in Sudan. Food crop production that was affected by 
desertification, has led to a decrease in food security.  
          According to Food and Agriculture Organization (FAO, 2004), the 
situation of food security in West Omdurman falls within the temporal food 
insecurity type of classification. Households fail to produce or access basic 
food needs due to land degradation, rainfall fluctuation and drought cycles, 
and prevalence of poverty. 
         The problem of study is to assess the effect of the factors affecting food 
security situation in the study area as a result of misuse of natural resources, 
increasing desertification, poverty and environmental changes. 
1.3 Objectives of the study: 
         The main objective of this study was to assess the socio-economic 
impact of desertification on environmental situation, poverty, and on food 
security in west Omdurman area. 
         The specific objectives of the study were: 
1. To characterize the socio-economic situation of households in the 
study area and its environmental setup. 
   2. To assess the effect of desertification on: 
• Food security. 
• Environmental situation. 
• Poverty. 
 
 4
Hypotheses of the study: 
1. Misuse of natural resources and overgrazing lead to increasing 
desertification and environmental changes. 
2. Desertification leads to decline in food security situation and poverty of 
people. 
3. There is food insecurity due to decrease in household income and 
decline in food production. 
4. Sand movement may be resulting from fluctuation in climate and 
drought. 
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CHAPTER TWO 
LITERATURE REVIEW 
2. Desertification   
2.1 Introduction:- 
Dregene (1986) and Olsson (1981) reported that desertification is an old 
phenomenon. Desertification is one of the most serious environmental and 
socio-economic problems in the world. Mukhtar (2007) stated that 
desertification received great international attention after the great Sahelian 
drought (1968- 1973). Le Houerou (1993) suggested that the term of 
desertification was first used by Lavauden in 1927 to describe forest decline 
in the Sahara, so most researchers credit Aubreville (1949), who modified 
definition as the main concepts pertaining to desertification and its definition 
was further developed and improved over the last three decades.   
2.2 Definition of desertification:- 
        Desertification is a global problem in dry lands of the world. It has many 
definitions, some of which are contradicting (Oding 1990). Based for nearly 
20 years on research and experience, the desertification is considered as a 
cause and effect of the land degradation resulting from excessive human 
activities on marginal environment (Zhu Zhenda et, al. 1989). The causes 
leading to desertification are both of natural and human origin. Thus 
desertification can be described as a process of impoverishment of arid, semi-
arid and some sub humid ecosystems brought about by the combined impact 
of man activities and drought (Dregne, 1976). It has also been defined as a 
process leading to reduced biological productivity with consequent reduction 
in plant biomass, in land's carrying capacity for livestock, in crop yields and 
in human well being leading to the intensification and extension of desert 
conditions (UNCODA/UN, 1977). Anther definition of desertification is that 
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it is a process of destruction of the biological potential of land, and can lead 
ultimately to desert like conditions (UNCODA/ CONF, 1977). That could be 
considered as standard definition for desertification.      
        In FAO/UNEP Desertification Assessment and Mapping Project, 
desertification is defined as a comprehensive expression of economic and 
social processes, which occurs naturally or is induced, and leads to 
destruction of the equilibrium of soil, vegetation, air and water, in areas 
subject to edaphic and / or climate aridity. 
UNCED has defined desertification as "land degradation in arid, semi- arid 
and dry sub- humid areas resulting from various factors including climatic 
variations and human activities (United Nation, 1992). The UNEP definition 
entirely ignored the role of climate (Hulme and Kelly, 1993).  
2.3 Effects of desertification: 
        Koohafkan (1996) explained that desertification had affected about two 
thirds of the world countries, and one third of the earth's surface, on which 
one billion people live, i.e. one fifth of the world population.  
Scotney and Dijkhuiis (1989) reported that crop yield could be decreased to 
half within 40 years according to the continuous rate of degradation of 
cultivated lands.  
The economic impacts of desertification transpire into shortage of food, 
fodder and water. Mismanagement, diseases, migration, deserted villages, 
inflated towns, unemployment, loss of identity, tribal conflicts and political 
strife are the main outcomes of desertification (UNEP, 1992). It reduces the 
ability of land to support life, affects wild species, domestic animals, 
agricultural crops and people (http: //www. Botany. uwc. ac. za /Env 
facts/desertification. htm). The reduction in the plant cover that accompanies 
desertification leads to accelerated soil erosion by wind and water.  
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Desertification is self reinforcing and once the process has started, it will 
continue on.  Mukhtar (2007) reported that desertification costs are always 
borne by the poorest subsistence farmers and herders. Globally, UNEP, 1992 
estimated that economic losses from desertification have been more than $42 
billion.  
2.4 Desertification in Sudan: 
          Sudan Government (1977) reported that desertification has severely 
declined food and meat production. "Food production declined and continued 
to decline because of soil deterioration associated with desert encroachment 
and loss of land, especially land buried by sand".  
       The Arab Organization for Agricultural Development (AOAD, 2000) 
considered desertification as the most important environmental problem 
facing Sudan. Desertification affected about 13 Sudanese states at varying 
degrees. In Sudan an areas of about 44 thousand kilometers have been 
desertified, falling within the semi - desert zone. 
2.5 Causes of desertification:  
        According to Sudan's Desert Encroachment Control and Rehabilitation 
Programme, no one factor causes desertification. It is composed of a 
combination of factors, involving fragile ecosystem, developed under harsh 
and fluctuating climate, and man's activities. Some of these factors increased 
in irreversible magnitude by weather fluctuation, especially periodic drought 
(DECARP, 1976). 
Breman and Kessler (1995) stated that the predominant factors causing world 
wide desertification are man made: fire, grazing, land clearing and wood 
cutting.  According to Akhtar et al (1994), the major causes of desertification 
in Sudan had been due to unabated land- use, where soil degradation was 
aggravated by growing population and by abolition of traditional land use 
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rights. These have resulted in increasing human pressure on remaining 
pastures and water resources. 
2.6 Desertification and desert cultivation: 
        Desertification can be reduced by long- term planting. Many 
rehabilitation programmes and projects have been implemented in order to 
prevent environmental degradation from taking place. Specifically, they 
attempted to curtail the existing destructive forces affecting the environment 
(Leena and Riikka, 2000). 
    Some of the measures were adopted to arrest the spread of desertification 
and to rehabilitate already degraded land. Most programmes have 
concentrated on reforestation projects, tree planting along gullies, terracing, 
contour- cultivation, bund formation, planting shelterbelts, windbreaks and 
stabilization of sand dunes (Rodda, 1991). 
2.7 Food security    
 2.7.1 Concept of food security: 
         Food security problem emerged sharply in 1970s and has been a topic of 
considerable attention (Maxwell and Frankenberger 1992). Food security is a 
broad concept dealing with production, distribution, and consumption vis-à-
vis food entitlement for all household members.  
In 1979 the World Food Programme (WFP) equated food security with an 
"assurance of supplies and a balanced supply- demand situation of staple 
foods in the international market". 
The World Bank (1986) defined food security as "access by all people at all 
times to enough food for an active and healthy life". 
Food security has three aspects: food availability, food access and food 
adequacy. Food availability has to do with the supply of food; which should 
be sufficient in quantity and quality and with variety. Food access addresses 
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the demand for food. It is influenced by economic factors, physical 
infrastructure and consumer preferences. Food security is often defined in 
terms of food availability, food access and food utilization (USAID I995). 
Ultimately food security should lead to an active healthy life for every 
individual. 
2.7.2 Food security at the national level: 
      Measuring food security at the national level entails the aggregation of the 
extent to which the production of the staple food in a country can provide the 
population with nutrition of 2,400 calories per person per day. The national 
food security does not guarantee that all regions and all people, especially the 
poor, will have access to the minimum nutrition because of existing regional, 
economic and social inequalities. This definition of national food security has 
been criticized because it does not take into account the need for a variety of 
foods (meat, fish, oils, dairy products, vegetables and fruits) that provide 
protein, fat, micro – nutrients and energy (FAO, 2000). In fact, food security 
does not provide a sufficient input for an adequate nutritional status; it is 
defined only in terms of the staple food (Alderman and Garcia, 1993). 
Although there may be food security at the national level, there may be food 
insecurity for some rural and urban population. 
2.7.3 Food security at the household level: 
     Food security was measured at the household level to assess the impact of 
development interventions, such as the impact of water management for 
agriculture on people's livelihood (World Bank, 2000). 
 Food security at the household level in rural areas can be measured on the 
basis of food adequacy in terms of the basic food produced and/or purchased 
by the household to supplement its production. Children's malnutrition such 
as stunting growth, the presence of underweight and malnourished children 
are important indicators for food security at the household level (FAO, 2000).           
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2.7.4 Food security at the Intra-Household level: 
      Measuring food security at the intra-household level is necessary. There 
could be unequal distribution of food and resources needed for health care and 
education. In the food security at household level, one family member may be 
poor in terms of some dimensions while another is not. This occurs because 
poor households are obliged to make hard choices as to who of its members 
has to have food security. Household strategic choices tend to often favor men 
and boys rather than women and girls. This is related to men and women 
ability to earn income (Behrman 1988; Behrman and Deolalikar 1990; Rose 
1999). However, it may be argued that as long as there is no food security for 
all family members, it may not be claimed that there is food security at the 
household level (Safilios-Rothschild 1980; IFAD 2001).   
2.8 Food insecurity:      
      Food insecurity has been described by FAO as "a condition in which 
people lack basic food intake to provide them with the energy and nutrients 
for fully productive life". Food insecurity is defined as not having access to 
enough food every day of the year. The U. S. federal government collects 
statistics, based on surveys (Household Food Security in the United States, 
2004) (http:// www.ers.usda.gov/publications/err11/err11.pdf). The main 
cause of food insecurity in developing countries is the inability of people to 
gain access to food due to poverty.  The stages of food insecurity range from 
food secure situation to full- scale famine 
(htt//ww.bradford.ac.uk/research/ijas/ajasnoz/ayaLew.htm1)  
 
2.9 The poverty issue: 
        Poverty is a multidimensional phenomenon with physical, economic, 
social and psychological dimensions (Whelan and Whelan 1995; Narayan et 
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al. 2000). It is not just lack of money, food and assets. Poverty is also lack of 
access to education, health care and lack of security. Bourgignon (1999) 
indicated "Physical poverty is about mere survival" that is "the capacity to 
buy food and all basic goods for fulfillment of basic physical needs". 
Ringen(1988) reported that poverty is "a standard of consumption, which is 
below what is generally considered to be a decent minimum".  
In many countries as much as two-third of population are "dirt poor", with 
minimum access to basic needs including adequate nutrition, clean water, 
proper sewage, and health care (FAO,2003). 
Mukhtar (2007) stated that the poor communities in rural dry areas depend on 
fragile ecosystem for sustenance. They rely on the natural vegetation for 
making homes, animal's enclosures and for provision of energy. Because of 
poverty they are deprived from the use of modern technology and pushed into 
the following vicious circle of poverty: Poverty – overuse of fragile 
ecosystem – land degradation – desertification – reduction of productivity – 
increased poverty. 
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Modified victim cycle 
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2.10 Environmental change: 
2.10.1 Introduction:                                                                                    
       During the last decade there has been a virtual explosion of interest in 
environmental change which is now considered as one of the most serious 
problems facing arid and semi- arid regions.                                            
2.10.2 Environmental change in Sudan:                                                                             
According to Suliman and Ali (1983) the total area affected by desertification 
in Sudan accounted to 1,528,000 km. Nordwijk (1984) reported that the 
original vegetation cover was removed for cultivation and provision of fuel 
wood.  Suliman and Ali (1983) maintained that most of the forage species 
have disappeared because of grazing early growth of grass, which prevented 
the plants to complete their life cycle and bear fruits and needs. Thus 
completely denuded areas are created, and these act as foci for potential 
desertification. Also they reported that agricultural expansion in the 
previously productive range lands has led to over stocking of animals in 
squared pasture lands. On the other hand, the expansion of cultivation on 
marginal lands adds to depletion of natural vegetation. Elsammani (1984) 
discussed the more arid northern sandy savannah areas of Khuwei and 
Mazroub. He pointed out that the inevitable imbalance in the ecosystem that 
accompanied economic and social changes were based on the depletion of the 
meager resources of the area. The resulting increase in population is more 
than the natural resources base system can support, and hence disturbance of 
the ecosystem took place. This change has been indicated by disappearance of 
certain species of plants and wild animals, wide spread of deforestation and 
the great expansion of commercial farming.   
2.11 Vegetation cover change:                                                                                                 
According to Rauschkolb (1971) alarming degradation in tropical arid and 
semi- arid land referred to various indicators of desertification, such as the 
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dramatic decrease of plant cover, and the replacement of the existing by 
undesired one. Generally, the vegetation cover change has been considered to 
be the most important issue of land degradation in most of environment studies. 
Tucker et al. (1991) reported vegetation changes in Sahara from 1980 to 1990, 
have been shown in increased greenness with increased rainfall that followed 
the dry period of 1980-1984.                                 
2.12 Change detection:                                                                                                          
Change detection is the process of detecting and characterizing thematic 
changes for the identical object location over a certain period of time. The 
methods of spectral change can help detection of the envirnment. These are 
based on images differencing or images rationing (Weismiller et al, 1977).                         
Extraction of information is made by comparing two or more images of an 
area that are  acquired at diferent times  (Sabins and Floyd, 1986) . Jensen 
(1996)  reported that the change detection provides significant information on 
the resources at risk and may be used to identify the agents of changes.                                 
2.13 Sand encroachment:                                                                       
      Sand encroachment is one of the main problems threatening the 
agricultural production in some parts of Sudan. In central Sudan, desert 
encroachment is a creeping phenomenon. It is not monitored if it fluctuates in 
intensity with the expansion/retraction of the Sahara that has been most 
recently claimed to occur (Nawal and et al, undated). 
There are few fragmented studies which showed that the desert is expanding 
from the north of Sudan at an alarming rate threatening the livelihoods and 
ability of affected areas. Baumer and Tahara, (1979) reported that 
desertification in Sudan was spreading like cancer including the adjacent low 
rainfall savanna, and that it was quite clear that desert encroachment in the 
Sudan was mainly a man made phenomenon caused by  misuse of land. 
There, as elsewhere, vegetation zones have been shifting southward as a result 
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of overgrazing, wood cutting and accelerated soil erosion (Eckholm, 1977).  
According to Ibrahim (1979) supported by the heir of satellite photographs, 
desert expansion proceed by forming new marginal islands around villages of 
settled cultivators in the Sahelian zone of Sudan. Lamprey (1975) compared 
his map on desert boundary in 1975 with a vegetation map of Sudan by 
Harrison and Jackson (1958). Lamprey based his map on a combination of 
reconnaissance flights and ground based surveys from     a car. He concluded 
that the Sahara desert had advanced 90-100km between 1958 and 1975. Dixey 
and Aubert (1962) estimated the advance of sand dunes encroachment in 
some agricultural land in Sudan at rate of 1to 3 meters per year. Awouda, 
(1985) quoting DECARP (1976) estimated the Sudan desert movement to be 
at rate of 5to6 km per year, threatening all Nile irrigation schemes in northern 
and central Sudan, e.g. (Rahad, Suki and Gezira).  Salih (1996) stated that 
sand moves from north to south at an alarming rate, and under those 
conditions 13 Sudanese states out of 26 states in Sudan were affected by land 
degradation. He reported that sand and sand dunes in the area between 
latitudes 10 and 18 N had originated from the weathering products of the 
Basement complex Nubian sandstone, together with  the alluvial deposits.  
Doka and Hamid (2006) stated that many cultivated areas in Sudan, both 
irrigated and rain fed, had been subject to desert encroachment, mainly by 
wind erosion and related sand invasion. 
2.14 Monitoring Environmental Change:                                                       
      There is need for assessment of desertification status and environmental 
changes for the purpose of monitoring and predicting the production of the 
rangelands and marginal agriculture areas. This is to be detected as they were 
caused by shifting climatic zones, human activities or a combination of both. 
Assessing the risk of desertification is a first step in this direction.                    
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The Sahelian areas do not have adequate data which can be used to measure 
trends in land degradation or desertification (Toulmin, 1995).  Instead, proxy 
measures, such as vegetation cover have been used. Vegetation in areas at risk 
showed moisture stress that then resulted in changes in the vegetation cover.             
Data of vegetation cover can be obtained by using remote sensing satellites 
such as: LANDST, SPOT, MSS and/or TM, these can be used for monitoring 
environmental changes. They are combined with data from field check 
observations to increase the precision of information for continued monitoring 
of climatic change and desertification. FAO stressed the importance of 
integration between information derived from high resolution satellites 
images and GIS combined with ground data gathered through GPS (FAO, 
1993).  
2.15 Remote sensing:          
2.15.1 Definition of remote sensing:     
      Sabins and Floyd (1986) defined remote sensing as collecting and 
interpreting information about a target, without being in physical contact with 
the object. According to Nasri (1999) remote sensing may be defined as the 
acquisition of information about an object from a distance without being 
physically in contact to it, by detecting and measuring changes in the reflected 
electromagnetic energy. Loulou (1999) stated that remote sensing refers to 
any techniques of imaging objects without the sensor being in direct contact 
with the object or scene itself. Jensen (2000) reported that remote sensing is 
the art and science of obtaining information about an object without being in 
direct physical contact with the object.  
2.16 Electromagnetic Energy (EME): 
       Trefil and Hazen (1996) stated that electromagnetic energy refers to all 
electromagnetic waves that travel through space at the speed of light. 
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2.17 Visual image interpretation:  
     Philipson (1997) reported that the visual image interpretation is defined as 
the examination of images for purpose of identifying objects and judging their 
significance.  
 2.18 Digital image processing:  
     Jensen (2000) defined the digital image processing as a fundamental 
method of rectifying the remotely sensed data to map projection, enhancing 
the data, classifying the data into land use and land cover, and identifying 
change between dates of imagery. 
2.19 Geographic Information System (GIS): 
     Aronoff (1991) stated that GIS is computer-based system that provides the 
following capabilities to manipulate geo-referenced spatial data:  
1. Input (encoding). 
2. Data management (storage and retrieval). 
3. Analysis.  
4. Output. 
ESRI (1993) defined GIS, as quoted by Hamid (2000), as an organized 
collection of computer hardware, software, geographic data and personnel 
designed to efficiently capture, store, update, manipulate, analyze and display 
all forms of geographically referenced information.  
2.20 Global Positioning System (GPS):   
    European Space Agency (ESA, 1998) reported that GPS is a satellite- based 
navigation system developed and operated by the United State (US) 
Department of Defense. GPS permits land, sea and airborne users to 
determine their three-dimensional position, velocity and time.  
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CHAPTER THREE 
3. MATERIALS AND METHODS 
3.1 Materials 
     A general review of the research methodology used in this study will be 
the subject of this chapter. Two types of data were used namely; primary and 
secondary data. Secondary data were collected from reports, documents, 
scientific sciences papers and from internet. The primary data was collected 
through (i) Remote sensing and GIS satellite imagery and (ii) Personal 
interviews with individuals using structured questionnaire appendix (1), group 
discussions and observations. The data collection methods and the analytical 
techniques used will be discussed below: 
3.1.1 Satellite imagery 
One sub image from land-sat covering the study area was used in this 
study. Composed of three bands each of wavelengths of the electromagnetic 
spectrum, acquired by the Thematic Mapper TM (2003).The characteristics of 
this image are shown in Table (3.1). 
Table (3.1): Characteristics of imagery used in this study 
Image Path/Row Sensor Band Resolution Scale 
Area 
(km2) 
Date 
1 173/49 TM 1-3 30m 1:1000000 185×185 2003 
Source: Satellite image, 2003 
3.1.2 Hardware and software used included: 
a. PC Pentium III 40 GB.HD, 800MHz speed and 96 RAM. 
b. Arc View (Advanced Spatial Analysis using Raster and Vector Data) 
was used for analysis and final production.     
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c. Microsoft Word 98 for word processing. 
d. Internet and other sources. 
3.2 Methods 
       An integrated approach using remote sensing (RS) and geographical 
information system (GIS) was followed: 
3.2.1 Remote sensing methods 
        This RS facilitates the study of the surface vast areas form and remote 
device, which saves time and money. 
Remote sensing technology was used in this study to: 
1- A acquire data on the study area in the form of image. 
2- Data imputes processing were used to: 
      a. Produce sub image. 
       b. Enhance sub image. 
        c. Produce the color composite.  
        d. Perform clustering, filtering and classification.    
      Remote sensed data produced by Land-sat Thematic Mapper (TM) image 
was visually interpreted using the facilities of image interpretation of the 
laboratory of the Remote Sensing Authority (RSA). Sand cover percentages 
and accumulation thickness had been detected and different maps were 
generated. 
3.2.2 GIS Technique 
     GIS consisting of package of computer programme was used for data 
capture, input, manipulation, transformation, visualization, combination, 
query, analysis, modeling and output.  
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The following GIS functions were performed in the process of analysis of 
digital data from satellite image. 
3.3 Image classifications 
     In order to extract information from the satellite image, the relationship 
between pixel values and land cover types were found. The process to find 
the relationship is called classification. In this study one type of digital 
image classification (supervised and unsupervised classification) was used 
to classify all the features in the satellite imagery. Visual interpretation was 
also used to define the features depending on the following image 
characteristics such as site, texture, tones, shadow, color, shape, scale, 
pattern, association, size, and mottle. 
3.4 Map calculations 
        Quantity assessment of environmental situation was performed through 
map calculation option. Map calculation was used to calculate the sand cover 
percentages and accumulation thickness in the period (2003).  
3.5 Field work 
       Field work was conducted within the period 10/4/2007 to 20/5/2007 in an 
area of 128 km2 (sample area) which represented the study area. 
GPS (garmin 12) was used to navigate among check sits and to record the 
coordinates of each check site.  
3.6 Questionnaire: 
     The questionnaire was one of two main methods used in this study to 
collect the primary data (Appendix1). The questionnaire was designed in 
Arabic to make sure that respondents understand and fill in the structured 
questionnaire accordingly. 
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About 100 persons were selected randomly from five villages, affected by 
desertification: Um Harout, Gabert Saeed, Wad Omer, Wad Abdo and El 
Zeriat were located in west Omdurman area. 
 3.7 Official documents and reports: 
     Secondary data were also obtained from records, documents, reports, 
journals and internet for food security, desertification and environmental 
change. These data were closely examined to help in assessing the effect of 
desertification in the study area. 
3.8 Statistical Analysis: 
      The descriptive statistics method was used to analyze the data obtained in 
the study area. This process was accomplished by critically examining the 
data through the use of Statistical Package for Social Science, (SPSS) version 
number 13.0. Construction of simple tables allowed for capturing the answers 
to many of questions being asked in the survey. Descriptive statistics included 
frequency, percentage, average calculation and use of tables and figures.                              
3.9 Regression Analysis: 
        Regression analysis is an econometric tool that utilizes the relationship 
between two or more quantitative variables so that one variable can be 
predicted from the other.  
The multiple linear regressions approach was used to analyze the data 
obtained in the study area. Its equation is expressed as: 
y = α + Ь 1 x1 + + Ь 2 x2 +…+ Ь n x n 
 Where: y is dependent variable, x n are independent variables, α is an 
intercept, n is number of observations and Ь n is regression coefficient. 
 The study also used the nonlinear regression model approach, which can be 
transformed into the linear form by using the logarithmic transformation: 
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                  Log y = Ь 0 + Ь 1 Log x1 + Ь 2 Log x2 + … + Ь n Log x n 
T – Test of significance:- 
      It is used to test the significance of independent variables in order to 
accept its reliability, in accepting rejecting   the existence of relationship 
between dependent and independent variables. Usually there are two levesl of 
significance 5% or 1%, 5% the level of accuracy is 95%, the level of error is 
5%. 
If t value ≥ t (tab), then there is significance difference.  
If t value <   t (tab) 
Then there is no significance difference. 
F test of significance: 
         It is a statistic for testing lack of fit of the regression function.  
R² =Coefficients of multiple determinations: 
     The coefficient of multiple determinations is denoted by R². 
0 ≤ R² ≤ 1 
R² assumes the value 0 when all Ь k = 0(k = 1,…, n). R² takes on the value 1 
when all observations fall directly on the fitted response surface, i.e. when y = 
ý for all it.  
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CHAPTER FOUR 
4. RESULTS & DISCUSSION 
 
4.1 Location and extent of the study area: 
The study area is located in west Omdurman, between longitude 30°-
31', 32°-15'E and  latitude 16° N. It is situated along the western parts of 
White Nile and River Nile and extends westwards to Kurdofan State and 
northwards to the southern boundaries of the Northern State (Fig. 4.1). 
4.1.1 Land escape: 
        The land escape of the study area is plain, almost free from any high 
lands, except for some small rocky hills lying in the western part on the 
boundaries between Khartoum State and northern Kurdofan State. 
The features of the main land have been formed as a result of complex 
natural processes acting on the geomorphic surfaces. The following 
geomorphic and drainage systems have contributed mostly to the shaping of 
the different land surfaces: 
a. Wadi Almugadam lower flood plain system and depressions. 
b. The River Nile drainage system. 
c. Wadi Almugadam drainage system. 
d. Plateaus, hills and rocky areas. 
e. Drainage channels. 
4.1.2 Climate: 
       Doka and Hamid (2006) stated that the study area lies within the desert 
climate region according to the climatic zones of Sudan. 
    The northern and southern parts of west Omdurman lie within the semi-
desert climate with summer rains and cool to warm winters. In the southern 
parts, the average rainfall ranges between 100 - 225 mm. The mean maximum 
temperatures of the hottest months (May or June) are 40 – 42°C  
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and mean minimum temperatures of the coldest month (January) are 8 – 
16°C. 
       In the northern parts, the rainfall is erratic and in some years there may be 
no rain at all in some places. The mean annual rainfall is generally below 
100mm, and in all months the average rainfall is less than 20% of the average 
potential evapotranspiration. The relative humidity of the air is only 25 -30% 
throughout the year. The mean maximum temperature of the hottest month 
(June) is 42 – 44° C, whilst mean temperatures of the coldest month (January) 
ranges between 8 – 15° C. 
4.1.3 Infrastructures and water resources: 
       The asphalt road "Shiryan Alshamal" linking Omdurman to Dongla 
crosses the study area, but the villages lie far away from this vital route. 
Due to the unrelenting harsh arid conditions in the area, all villages have 
started and grown as clusters of huts and small houses around water points on 
the Wadi Almugadam banks. Usually the inhabitants depend on Wadi 
Almugadam water during the normally very short rainy season; but for the 
rest of the year they rely on wells (Beirs). Most villages are named after the 
water points (e.g. Beir Ali, Beir Al-Beida, Beir Wad Hasab- Alallah… etc).  
Relatively few villages have some sort of schooling for children but definitely 
health and other services do not exist. 
4.2 Sand cover percentages and accumulation thickness:                  
          Table (4-1) shows the sand cover percentages and accumulation 
thickness in five villages. It was found that Um Harout and Wad Omer areas 
had sand cover percentage and accumulation thickness (C), with percentage 
about (87%). These areas were covered by thin vegetation and thin sand sheet 
(62% cover) and a complex of bare ground with thin sand sheet and low 
hummocks (21% cover) (Fig.4.2). It was also found that most of Wad Abdo 
area had thick sand accumulation of cover (B) occupying 57% of the total 
area. Most of this thick sand covers lies on dissected bare stony and rocky 
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surfaces (43%). Consequently about (33%) of Wad Abdo area was covered by 
thick vegetation on wadi flood plain (Fig.4.3).  
        It was observed that Gabrat Saeed village had no sand cover percentage 
and accumulation thickness (D), which indicates no aeolian sand cover with 
percentage 39%, this area, is dominated by thick vegetation on wadi flood 
plain which is represented by the existing forest. However, there was a thick 
(25-50 cm) sand cover (A) with percentage 31%; this may be due to 
fluctuation in climate and drought. UNEP (1997) reported that, over grazing 
for a long time has been considered as the primary cause of desertification in 
Africa. But it is now thought that the long terms of drought are more 
important causes. The rest of the area is covered by rocky and patchy sand 
surfaces (B) 30 % (Fig.4.4). 
The sand cover percentage and accumulation thickness in ElZereiat 
village was (C), with percentage 46%. It appears also, there was very thick 
sand sheet (25-50 cm) with low dunes and little vegetation, with percentage 
35 %( Fig.4.5).This result showed that El Zereiat village was prone to 
accelerating sand encroachment since it is located within wind corridors. 
      It may be concluded that Elzereiat and Gabrat Saeed villages had the same 
sand cover percentages and accumulation thickness (A), which was very thick 
sand (>50 cm) on rocky surfaces (mostly dunes) for each percentage value of 
35% and 31% respectively. Wad Abdo area had sand cover percentage and 
accumulation thickness (B); which was thick (25-50 cm) sand cover with a 
percentage of 57%. 
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Table (4-1): Sand cover percentage and accumulation thickness in study area: 
Percentage of sand Sand cover 
percentage and 
accumulation 
thickness 
Sand cover map units 
Um Harout 
and Wad 
Omer 
Wad 
Abdo 
Gabart 
Saeed 
El 
Zereiat
1-Very thick sand sheet with low dunes + 
Few vegetation 
- 4.2 - 35 A 
2-Very thick sand on rocky surfaces - - 31 - 
3-Rocky surfaces with patchy sand surfaces 2 14 30 - 
4-Thick sand sheet < 25 cm with hummocks - - - 19 
B 
5-Thick sand cover on dissected bare stony 
and rocky surfaces  
- 43 - - 
6-Bare ground  4 5.5 - 16 
7-Complex of bare ground + thick sand sheet 
+ low hummocks 
21  - 12 
C 
8-Thin vegetation with thin sand sheet 62 - - 18 
9-Thick vegetation on wadi flood      plain 11 33.3 39 - D 
Total  100 100 100 100 
Source: Field survey, 2007. 
A- Very thick sand > 50 on bare or rocky surfaces (mostly dunes).          B- Thick (25-50 cm) sand covers 
C- Thin (<25 cm) sand cover        D- No aeolian sand cover 
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      It was revealed that Um Harout, Wad Omer and El Zereiat villages were 
covered by thin vegetation with thin sand sheet and bare ground with cover 
percentage values of 87%, and 46% respectively. This result may be due to 
the over use of fire wood from trees for cooking, causing severe reduction in 
trees cover and increased desertification process. This result agrees with 
Grainger (1990) who reported that the reduction of vegetation cover takes 
place due to trees are cleared for cropping, cut down for fuel wood and 
overgrazing of rangeland or pastures.  Also Abdallah, (1991) ascribed 
desertification to over cutting of forest for charcoal production. 
        From the field work, it was observed that the recent environmental 
situation corresponded to the fact in the results of this study. It was observed 
also that these villages had some shrubs and trees desirable by sheep grazing 
around the area. The people relied on sheep for milk production. However, 
that area suffered from rare rainfall and the deterioration of grazing pastures. 
People of all villages complained from deteriorating grazing land and sand 
encroachment, which led to more death among their animals. Animal pasture 
was deteriorated by over grazing, over cutting of trees and the effect of sand 
encroachment. Furthermore, the study area suffered from scare rainfall 
leading to failure of agriculture. Also people migrated searching for work to 
increase their income. Recently, most of the people worked in small trade and 
marginal jobs, and hence pastoralists and traditional rainfall farmers income 
was non-rewarding. 
4.3The general socio-economic characteristics of the population of west 
Omdurman area: 
      The general socio-economic characteristics of respondents are important,  
as they exhibit the main features of social status of people of the study area. 
These characteristics comprise age, family size, education level, livestock, 
monthly expenses and sources of income. 
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4.3.1 Age distribution: 
 Table (4.2) indicates the distribution of respondents by age in the five 
villages. It was found that the majority of the sample (72%) had ages ranging 
between 20 – 60 years old. Among the five villages, Um Harout and EL 
Zeriat had over 60% of their people lying within this age group. It was found 
also that over 25% of all villages had people with ages above 60 years old.  
Most of these were found in Um Harout, Wad Omer and EL Zeriat villages. 
However, very few people below 20 years old were found in Wad Abdo, EL 
Zeriat and Gabert Saeed. It may be concluded that these villages were 
endowed with young generation, which implied capacity of work, movement, 
multiplication and reliance on elderly people.   
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Table (4.2) The distribution of west Omdurman people based on age: 
 Percentage of persons Age 
interval     
( years) 
Um 
Harout 
Wad 
Abdo 
Elzeriat 
Wad 
Omer 
Gabert 
Saeed 
All 
villages 
20< 0 5.88 0 5.88 14.28 3 
21-40 2.38 41.18 47.05 29.41 42.85 39 
41-60 33.33 41.18 23.53 35.29 28.57 33 
61-80 35.72 11.76 29.42 29.42 14.28 23 
81-100 4.76 0 0 0 0 2 
Total 100 100 100 100 100 100 
 Source: Field survey, 2007. 
 
4.3.2 Family size: 
          Figure (4.6) gives the distribution of respondents of the five villages by 
family size. Family size is an important characteristic and will help in 
knowing the population density and consequently their food needs per day. 
From the table, it appears that most of the families in these villages had 
family sizes ranging between 6 and 11 members. This is normal in traditional 
rural areas. The large family size is encouraged by need for labor support and 
increasing income of the family. However, there were some families (35%) 
who had members between 1 and 5. This is becoming the normal size in 
urban and rural areas in recent years. The small number of family size could 
be brought about by changes in cost of living, improved education and time 
for leisure. Families with members between 12 and 17 persons were rare in 
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the five villages, and found only in Gabert Saeed and Wad Omer. Among all 
the villages, over 70% in Um Harout and Wad Abdo had families of 6 – 11 
members, while the other villages had less than 60% of families falling in the 
same range. 
4.3.3 Education level: 
      Table (4.3) shows the distribution of education level for boys, and table 
(4.4) for girls. As it is seen, education in all villages is given in form of 
Khalowa (Islamic religious teaching) and primary school. Illiteracy was found 
to be high, especially among girls. The enrolment into primary schools was 
about 51% for boys and 23% for girls. 
It has been observed that no boys or girls in Gabert Saeed had gone to 
Khalowa because they did not have a qualified person to teach them in 
Islamic religious studies. Furthermore, these boys and girls were very young 
to walk long distances to join the Khalowa in neighboring villages. It was also 
indicated that the people in Wad Abdo did not encourage girl's education.  
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Fig. ( 4.6) : Family size average in study area.a
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Table (4.3) Distribution of west Omdurman people based on education level 
for boys: 
Percentage of boys Educational 
level for     
boys 
Um 
Harout 
Gabert  
Saeed 
Elzeriat
Wad 
Omer 
Wad 
Abdo 
All 
villages
Khalwa 23.8 0 11.8 5.9 71.4 18 
Illiteracy 19.05 76.5 17.7 35.2 14.3 31 
Primary 
school 
57.14 23.53 70.5 58.9 14.3 51 
Total 100 100 100 100 100 100 
Source: Field survey, 2007. 
 
Thus they don’t have girls going to primary school. Similarly, Gabert Saeed 
people seemed to have the same tradition. From the two tables, illiteracy rate 
ranged high for boys and girls in Gabert Saeed and for girls in Wad Omer. 
People of Gabert Saeed complained from shortage in educational services.   
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Table (4.4) Distribution of west Omdurman people based on education level 
for girls: 
Percentage of  girls Educational 
level for 
girls Um 
Harout 
Gabert 
Saeed 
Wad 
Omer 
Elzeriat
Wad 
Abdo 
All 
villages
Khallwa 33.33 0 11.7 5.9 57.14 21 
Illiteracy 40.5 100 76.5 35.3 42.9 56 
Primary 
school 
26.2 0 11.8 58.8 0 23 
Total 100 100 100 100 100 100 
Source: Field survey, 2007. 
 
4.3.4 Distribution of livestock: 
       The types of livestock that existed in the study area included camels, 
sheep and goats. These animals have ability to tolerate environmental 
hardship of this area. Table (4.5) shows the distribution of camels, table (4.6) 
of sheep and table (4.7) of goats in the five villages. Form table (4.5) it 
appears that most respondents (60%) didn’t have camels in all villages, which 
indicates that people may be poor or not have adequate income for raising 
camels. Among these villages, the majority of the respondents in Wad Abdo 
(57%) and Um Harout (21%) had camels ranging between 3 and 4 camels per 
each respondent. This indicates that people had little capacity to raise camels, 
and these villages were found lying towards the north, where as the 
environment was favorable. Furthermore, Wad Abdo and Um Harout only 
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had camels ranging between 5 and 6 and over 6 camels. These camels were 
moved from one area to another in search for grazing. Over 65% of 
respondents in Wad Omer had camels ranging between 1 and 2, while few 
respondents of Gabert Saeed and EL Zeriat had the same range of camels. 
 
Table (4.5) Distribution of west Omdurman people based on camels 
ownership: 
Percentage of persons Number 
of 
camels 
Um 
Harout 
Gabrt 
Saeed 
Wad 
Omer 
Elzeriat 
Wad 
Abdo 
All 
villages 
0 73.8 70.5 17.7 76.5 14.3 60 
1-2 0 11.8 64.7 23.5 0 0 
3-4 21.4 17.7 17.6 0 57.1 35 
5-6 2.4 0 0 0 14.3 3 
>6  2.4 0 0 0 14.3 2 
Total 100 100 100 100 100 100 
Source: Field survey, 2007. 
 
     From table (4.6), it was found that most of the respondents (41%) had 
sheep ranging between 9 and 12. Among the five villages, Um Harout and 
Elzeriat had about 40% of their people with sheep within this range, while the 
other villages had over 40%. It was also found that 38% of all villages had 
sheep ranging between 4-8 sheep. Most of these were found in El Zeriat, Wad 
Omer and Wad Abdo villages. In Um Harout sheep ranged between 12 and 
20. The people relied on sheep for milk production. However, that area 
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suffered from rare rainfall and deterioration of grazing pastures; these were 
reflected in decreasing milk production of these animals. People of all villages 
complained from deteriorating grazing land and sand encroachment, which 
led to more death among their animals.  
 
Table (4.6) Distribution of west Omdurman people based on sheep 
ownership:                                                                                                                                
 
Percentage of persons 
Number 
of sheep Um 
Harout 
Gabert 
Saeed 
Wad 
Omer 
Elzeriat 
Wad 
Abdo 
All 
villages 
0-3 2.38 5.88 5.88 5.88 0 4 
4-8 30.95 29.41 47.06 52.94 42.86 38 
9-12 40.48 64.71 47.05 41.17 57.14 41 
12-16 9.52 0 0 0 0 10 
16-20 16.66 0 0 0 0 7 
Total 100 100 100 100 100 100 
Source: Field survey, 2007. 
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Table (4.7) Distribution of west Omdurman people based on goat ownership: 
 
Percentage of persons 
Number 
of  goats Um 
Harout 
Gabert 
Saeed 
Wad 
Omer 
Elzeriat 
Wad 
Abdo 
All 
villages 
0 40.48 35.29 17.65 52.94 14.29 36 
4-7 33.3 41.18 47.06 29.41 42.86 37 
8-11 19.05 5.88 29.41 11.76 28.57 18 
12-15 4.76 17.65 5.88 0 14.29 7 
>16 2.38 0 0 5.88 0 2 
Total 100 100 100 100 100 100 
Source: Field survey, 2007. 
4.3.5 The income sources: 
     The main occupation for people in the study area is animal raising and the 
traditional crop production under rainfall.  
In recent years, animal pasture was deteriorating due to over grazing, over 
cutting of trees and the effect of sand encroachment. All these reasons led to 
more animal's death. However, the area suffered from scare rainfall leading to 
failure of crop production.  
4.3.6 The types of crop:  
       The population in the area practiced traditional crop production under 
rain fed conditions. It ranks second after animal rising, which was the main 
occupation. Crop production depended on rainfall and on running water of 
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Wadi Almugadam. The farmers grow early maturing crops like sorghum 
(hemaisy and fatarita), some vegetables such as cucumber, okra, water melon 
and rosselle (karkade). The crop productivity varied from one season to the 
other based on the amount of rainfall, good practice and infestation by pests 
and diseases.   
4.3.7 Income adequacy: 
      Table (4.8) shows answers of respondents in the five villages about 
income adequacy. From the table, most respondents (88%) in all five villages 
said that their income was not enough to purchase their essential family needs 
especially in Wad Abdo. About 12% said their income was enough. These 
results indicated that most of the people in the five villages were poor and had 
low welfare level. 
Table (4.8) Distribution of west Omdurman people based on income:          
Percentage of persons 
The 
answers Um 
Harout 
Gabert 
Saeed 
Wad 
Omer 
Elzeriat 
Wad 
Abdo 
All 
villages 
No 
 
90.47 94.12 76.47 82.35 100 100 
Yes 9.53 5.88 23.53 17.65 0 0 
Total 100 100 100 100 100 100 
Source: Field survey, 2007. 
4.3.8 Monthly expenses distribution: 
       Figure (4.7) gives the distribution of monthly expenses of household in 
the five villages. From the table, it appears that most of samples in these 
villages had expenses ranging between SD 13 thousand and SD 60 thousand. 
Among all villages, over 90% in EL Zeriat and over 80% in Wad Omer had 
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same monthly expenses as quoted above. These results indicated that 
respondents in EL Zeriat and Wad Omer were more business oriented in 
adding to farm employment and had higher income than those in the other 
villages. However, 9% had monthly expenses between SD 61 thousand and 
SD 84 thousand, and samples with monthly expenses ranging between SD 85 
thousand and to SD 108 thousand were found only in Gabert Saeed, Wad 
Omer and Um Harout. Almost 90% of the population of the five villages lives 
below poverty line. This was calculated based on international standard of 
US$ 2 per day per person.  
US$ ×5members × 30 days= US$300 per family per month. 
 Change into local currency = US$1 = SD 200 
΅Poverty line= US$ 300 × SD200/US$ = SD 60,000 per family per month 
(note: new currency SDG was introduced from June 2007 which equals to 
1SDG= SD100). 
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Fig. (4.7) Monthly expenses average.
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4.3.9 Food intake interval:     
     Table (4.9) gives distribution of food intake interval in five villages by 
type (meat, bread and some vegetables). From the table, the interval for 
eating meat deferred from one week to two weeks to one month. The table 
indicates that most families (38%) in general had meat and bread every two 
weeks in all villages. Over 76% of respondents in Wad Omer, over 40% in 
EL Zeriat and Um Harout people seemed to have meat during the same 
period. About (32%) of families in all villages had meat once a week, most 
of whom (42%) were in Wad Abdo. 
  Among all villages, most people (76%) in Gabert Saeed had meat once a 
month perhaps due to their remoteness from the markets. The five villages 
do not have markets to purchase or to sell food mainly meat and other 
necessary needs, and all people go to town market in Omdurman. 
 Agricultural activity to grow food crops or vegetables is poor due to land 
degradation, drought and problems of irrigation water during all times. 
People grew some crops and vegetables only in the rainy seasons, and they 
depend on amount of running water in Wadi AL Mugadam during the rainy 
season.   
The main daily food for all people in this area is Kesra which is made from 
new pare sorghum (hemaisy and fatarita) and mixed with some wheat. This 
indicates concentration on starchy food with little protein food, which is 
needed to improve their nutritional status. 
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Table (4.9) Distribution of west Omdurman people based on food intake 
interval: 
Percentage of persons 
The 
periods Um 
Harout 
Gabert 
Saeed 
Wad 
Omer 
Elzeriat 
Wad 
Abdo 
All 
villages 
One 
week 
26.19 0 23.53 35.29 42.86 32 
Tow 
weeks 
45.24 23.53 76.47 47.06 28.57 38 
One 
Month 
28.57 76.47 0 17.65 28.57 30 
Total 100 100 100 100 100 100 
Source: Field survey, 2007. 
 
4.3.10 Rooms number: 
      People settled in scattered villages. The distance from one house to the 
other was far away, to allow space for grazing land for their animals. The 
whole houses were built up from mud and wood, in addition to a rakoba 
made from wood and hay.  
 Table (4.10) shows the distribution of rooms by number in the five villages.  
Most respondents (67%) had rooms ranging between 4 and 5 in all villages, 
per house, particularly in Wad Abdo and Wad Omer. Um Harout 
respondents had rooms ranging between 6 and 7 per house. The large 
number of rooms is a reflection of the extended family type found in west 
Omdurman area. 
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Table (4.10) Distribution of west Omdurman people based on rooms' number 
Percentage of persons Number 
of 
Rooms  
Um 
Harout 
Gabert 
Saeed 
Wad 
Omer 
Elzeriat 
Wad 
Abdo 
All 
villages 
1-3 7.14 0 17.65 35.29 0 12 
3-5 57.14 100 82.35 64.71 100 67 
6-7 35.82 0 0 0 0 21 
Total 100 100 100 100 100 100 
Source: Field survey, 2007. 
 
4.3.11 latrine services: 
      Table (4.11) gives the distribution of latrine access services in the five 
villages.  From this table, most respondents (66%) had access to specific 
facilities in form of a small pit in the five villages. Over 95% in Um Harout 
and about 88% in El Zeriat had the same facilities. About 34% of 
respondents did not have such services; most of those were found in Wad 
Omer and Gabert Saeed. 
 47
Table (4.11) Distribution of west Omdurman people based on latrine 
services:                                                                                            
Percentage of persons The type 
of 
latrine 
Um 
Harout 
Gabert 
Saeed 
Wad 
Omer 
El Zeriat
Wad 
Abdo 
All 
villages 
Open 
area 
4.76 76.47 76.47 11.76 57.14 34 
Pit 95.24 23.53 23.53 88.24 42.86 66 
Total 100 100 100 100 100 100 
Source: Field survey, 2007. 
 
 4.3.12 Mortality rate: 
      Table (4.12) indicated the high mortality rate among children in Gabrat 
Saeed and Wad Abdo villages. Wad Omer had the highest mortality rate 
among the elderly people in all villages. Some of these mortality rates may 
be related to high incidence of diseases as shown in (table 4.13). 
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Table (4.12) Distribution of west Omdurman people based on mortality rate 
Percentage of persons 
Death 
rate UmHarout 
Gabert 
Saeed 
Wad 
Omer 
Elzeriat 
Wad 
Abdo 
All 
villages 
Not 
found 
71.41 29.41 58.83 100 71.43 67 
Elderly 
people 
11.99 
 
11.76 35.29 0 0 13 
Women 
4.64 
 
17.65 0 0 0 5 
Children 
11.96 
 
41.18 5.88 0 28.57 15 
Total 100 100 100 100 100 
100 
 
Source: Field survey, 2007. 
 
4.3.13 Death causes: 
     Cancer, Diarrhea and inflammation were most the common diseases in all 
villages. Cancer and other diseases ranked high in Gabret Saeed, while fever 
ranked high in Wad Omer. It was observed that the health services in this 
area were poor. People had to go to Omdurman's hospital for treatment and 
medication (table 4.13). 
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Table (4.13) Distribution of west Omdurman people based on death causes: 
Percentage of persons 
The death 
causes Um 
Harout 
Gabret 
Saeed 
Wad 
Omer 
Elzeriat
Wad 
Abdo 
All 
villages
Not found 71.43 29.41 58.82 100 71.43 67 
Fever 0 0 23.53 0 0 4 
Diarrhea and 
inflammation 
7.14 23.53 17.65 0 14.29 11 
Others(Cancer 
and other) 
21.43 47.06 0 0 14.29 18 
Total 100 100 100 100 100 100 
Source: Field survey, 2007. 
 
4.4 Regression analysis results: 
  4.4.1The relationship between monthly expenses and individual items 
of spending of the household in the five villages of west Omdurman 
This relationship has been modeled as follow: 
Monthly expenses =b0+b1 goat+b2 sheep+ b3 costs of human food+ b4 
medication costs+ b5 age+ b6 female. 
Table (4.14) gives the results of the monthly expenses relationship. 
          From the table it was found that the R square was high, explaining 
about 77% of the relationships, while the rest were not captured by the 
model. The F value was high, about 51.5 which means that the over all 
model is significant. There has been multi co linearity between sheep and 
camel, therefore the variable of camel was removed from the equation. 
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Table (4.14): Monthly expenses result in all five villages: 
Variable Coefficients T value Sig. 
Constant 
 
Goat 
 
Sheep 
 
Costs of human 
food 
 
Medication cost 
 
Age 
 
Female 
 
21340.388 
 
1421.546 
 
645.764 
 
1.373 
 
 
0.481 
 
-167.694 
 
1578.514 
5.697 
 
8.223 
 
1.666 
 
7.242 
 
 
4.131 
 
-2.011 
 
1.925 
000 
 
.000 
 
.099 
 
.000 
 
 
.000 
 
.047 
 
.57 
Source: Field survey, 2007. 
R square = 77%     F = 51.5 
All variables in the model were significant, with the right sign, except for the 
female variable. The relationships between all variables except age were 
positive. This means that as the independent variable increase by one unit, 
the dependant variable will increase by the amount of the coefficient. From 
the overall results it may be concluded that as the number of sheep and goat 
increase, monthly expenses increase, while as age increases, monthly 
expenses decrease. It appears that people of the five villages give more 
attention to the expenses of their animals. 
4.4.2The relationship between medication costs and individual items of        
spending of the household in the five villages of west Omdurman:- 
This has been modeled as follow: 
Medication costs = b0+b1 goat+b2 monthly expense+ b3 camel + b4 latrine + 
b5 costs of animals food. 
Table (4.15) gives the results of medication cost relationship. 
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Table (4.15) Medication cost results in study area: 
           Variable 
 
Coefficients T value Sig. 
Constant 
Goats 
Monthly expenses 
Camel 
Latrine 
Cost of animals food 
- 14027.1 
-1135.5 
0.122 
1262.5 
6129.9 
49.4 
-3.639 
-5.573 
2.030 
2.104 
3.267 
3.797 
.000 
.000 
.045 
.038 
.002 
.000 
Source: Field survey, 2007. 
R square = 39%                                                                        F = 12.2 
         From the table it was found that the R square was low, explaining 
about 39% of the relationship, while the rest were not captured by the model. 
The F value was high, about 12.2 which mean that the overall model is 
significant. From the results it was found that all variables were significant, 
and had the right sign. The relationship between all variables except goats 
was positive. This means that as the independent variable increases by 1 unit, 
the dependant variable will increase by the amount of the coefficient. From 
the overall results it may be concluded that as the number of camels and 
latrines increase, medication costs increase; while as goats increase, 
medication costs decrease. It appears that as the number of camels increases 
the people who own these camels might have more money for spending on 
medication. It also appears that since these latrines do not conform to 
sanitary measures, then their increase in number would result in more 
infection with diseases and hence would lead to increases in medication cost.  
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4.4.3The relationship between cost of human food and individual items 
of spending of the household in the five villages of west Omdurman:- 
This has been modeled as follow:  
Cost of human food = b0+b1 age+b2monthlly expenses + b3 food intervals 
+ b4 death causes+ b5 cost of animals food 
Table (4.16) gives the results of cost of human food. 
 
Table (4.16) Cost of human food results in all five villages: 
           Variable Coefficients T value Sig. 
Constant 
Age 
Monthly 
expenses 
Food intervals 
Death causes 
Cost of animals 
food 
-4405.793 
56.211 
0.297 
 
1557.112 
1150.108 
-29.236 
-2.846 
2.278 
9.876 
 
2.983 
2.170 
-7.873 
. 005 
.025 
.000 
 
.004 
.033 
.000 
Source: Field survey, 2007. 
R square = 62%                                                                           F = 31. 21 
       From the table it was found that the R square was high, explaining about 
62% of the relationships, while the rest were not captured by the model. The 
F value was high, about 31.21, which means that the over all model is 
significant. From the results it was found that all variables were significant, 
and had the right sign. The relationships between all variables except cost of 
animal's food were positive. This means that as the independent variable 
increases by 1 unit, the dependant variable will increase by the amount of the 
coefficient. From the overall results it may be concluded that as monthly 
expenses, food intervals, age and death causes increase, cost of human food 
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increases, while as, cost of animals food increases, monthly expenses 
decrease. It appears that as food intervals increase people eat more expensive 
food such as meat.  
4.4.4The relationship between cost of animal feed and individual items 
of spending of the household in the five villages of west Omdurman:- 
This has been modeled as follow: 
Cost of animal food =b0+b1 family size+b2 goat + b3 sheep + b4 camel+ b5 
donkey+ b6 monthly expenses+b7 cost of human food+b8 medication cost 
Table (4.17) gives the results cost of animal feed relationship. 
 
Table (4.17) Cost of animal feed results in all five villages:     
           Variable Coefficients T value Sig. 
 
Constant 
Family size 
Goats 
Sheep 
Camels 
Donkeys 
Monthly expenses 
Costs of human food 
Medication cost 
 
11.898 
-3.217 
10.684 
3.209 
6.374 
13.937 
3.004E-03 
-5.99E-03 
2.097E-03 
 
.687 
-1.605 
10.642 
1.784 
1.867 
1.812 
6.757 
-5.774 
 3.738 
 
.494 
.112 
.000 
.078 
.065 
.073 
.000 
.000 
.000 
Source: Field survey, 2007. 
R square = 93%                                                                            F = 163. 8 
       From the table it was found that the R square was high, explaining about 
93% of the relationship, while the rest were not captured by the model. The 
F value was high, about 163.8 which mean that the overall model is 
significant. From the results it was found that all variables were significant, 
with the right sign, except family size variable. The relationship between all 
variables except family size and cost of human food were positive. This 
means that as the independent variable increases by one unit, the dependant 
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variable will increases by the amount of the coefficient. From the overall 
results it may be concluded that as number of sheep, goats, donkeys and 
monthly expenses increase, cost of animal feed increases, while as cost of 
human food and family size increase, cost of animal feed decreases. It 
appears that the people of the five villages depend more on sale of goats in 
the market for income and on donkeys for transportation and supply of 
drinking water, and therefore these two variables are more important than the 
others in the model.  
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CHAPTER FIVE 
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 
5.1 Summary: 
In this study an attempt was made to investigate the impact of 
desertification and environmental situation on food security and poverty of 
people in west Omdurman area. 
       The first chapter of the study began by introducing desertification and 
food security, as being universal problems in the world and in the Sudan. It 
also gives the statement of the problem that is to assess the extent of the 
misuse of natural resources in the study area as a result of increasing 
desertification, poverty and environmental change. The objective of the 
study concentrated on the assessment of the impact of desertification on food 
security, poverty and environmental situation in the study area. 
Chapter two reviewed the literature related to the definition of 
desertification, desertification in Sudan, effects of desertification, causes of 
desertification, desertification and desert cultivation. This chapter also 
focused on the general concept food security, types of food security at 
national, household, and at the intra- household levels.  
The chapter also emphasized the food insecurity and the poverty 
issues. It also introduced environmental change in Sudan, vegetation cover 
change, change detection, monitoring environmental change, remote sensing 
and GIS. 
    The third chapter described the material and methods used in data 
collection and data analysis. The questionnaire was the main method used in 
this study to collect the primary data from one hundred respondents that 
represented the total population in the study area. Secondary data were 
obtained from official records, reports, documents and journals. The 
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descriptive statistics and regression analysis were used to analyze the data 
obtained in the study area including frequency, percentage, average 
calculation and use of tables and figures. This chapter also used remote 
sensing and GIS methods to measure the environmental situation.  
      Chapter four highlighted the location and extent of the study area (West 
Omdurman), describing land escape, climate, infrastructures and water 
resources. It showed the sand cover percentages and accumulation thickness 
in five villages. From the GIS results it was found that Um Harout and Wad 
Omer villages areas were covered by thin vegetation and thin sand sheet 
(62% cover) and a complex of bare ground with thin sand sheet and low 
hummocks (21% cover) (Fig.4.2). Elzereiat and Gabrat Saeed villages had 
the same sand cover percentages and accumulation thickness (A), which was 
very thick sand (>50 cm) on rocky surfaces (mostly dunes) for each 
percentage values of 35% and 31% for these areas respectively. Wad Abdo 
area had sand cover percentage and accumulation thickness (B); which was 
thick (25-50 cm) sand cover with a percentage of 57%. 
         This chapter also aimed to investigating the general socio-economic 
characteristics of the population of west Omdurman areas, which concluded 
five villages, that affected by desertification (Um Harout) (Gabert Saeed)   
(Wad Omer)   (Wad Abdo) (El Zeriat). 
     From age distribution, it was found that the majority of the sample (72%) 
had ages ranging between 20 and 60 years old. Among the five villages, Um 
Harout and EL Zeriat had over 60% of their people lying within this age 
group. It may be concluded that these villages were endowed with young 
generation, which implied capacity of work, movement and multiplication. It 
appears that most of the families in these villages had family sizes ranging 
between 6 and 11 members per family. This is normal in traditional rural 
areas. The large family size is encouraged by need for labor support and 
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increasing income of the family. The small family size could be brought 
about by changes in cost of living, improved education and time for leisure.  
        It is seen that, education in all villages was given in form of Khalowa 
(Islamic religious teaching) and primary school. Illiteracy was found to be 
high, especially among girls. The enrolment of boys and girls into primary 
schools was about 51% for boys and 23% for girls. People of Gabert Saeed 
complained from shortage of educational services. 
         It appears that most of the people in these villages had expenses 
ranging between SD 13 thousand to SD 60 thousand. Among all villages, 
over 90% in EL Zeriat and over 80% in Wad Omer had same monthly 
expenses as quoted above. These results indicated that respondents in EL 
Zeriat and Wad Omer were more business oriented, in addition to farm 
employment and hence, have a higher income than those other villages.  
      The time for eating meat food was found to differ from one week, to two 
weeks, to one month. The study indicated that most families (38%) had meat 
meal and bread every two weeks in all villages. Over 76% of respondent in 
Wad Omer, over 40% in EL Zeriat and Um Harout people seemed to have 
meat during the same period. About (32%) of families in all villages had 
meat per one week, most of whom (42%) were in Wad Abdo.  
    The five villages do not have markets to purchase or to sell food items 
mainly meat and other necessary needs, and all people go to town market in 
Omdurman.  
       The people in the study area worked in animal raising and the traditional 
rain fed crop production. Recently, most of the people worked in petty trade 
and marginal jobs. Thus pastoralists and rain fed traditional farmers income 
became dependent on climatic variations, which was non-rewarding. Most of 
the people in the five villages were poor.  
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5.2 Conclusions: 
      From the GIS findings it was found that El Zereiat and Gabrat Saeed 
villages were covered by very thick sand (>50 cm) on rocky surfaces (mostly 
dunes). El Zereiat village is located within wind corridors and it was prone to 
accelerated sand encroachment. Wad Abdo area was covered by thick (25-50 
cm) sand cover. It was found that most of Um Harout and Wad Omer areas 
were covered by thin vegetation and athin sand sheet 
     Education in all villages is given in form of Khalowa (Islamic religious 
teaching) and primary school. Illiteracy is found to be high, especially 
among girls. Illiteracy rate was high for boys and girls in Gabert Saeed and 
for girls in Wad Omer. People of Gabert Saeed complained about shortage in 
educational services. It was observed that the health services in al the study 
area were poor; people have to go to Omdurman hospital for treatment and 
medication. Most of the families in these villages have large family sizes and 
they were endowed with young generation, which implied large capacity of 
family lab our which assists in work, and multiplication.  
The types of livestock that exist in the study area included camels, 
sheep and few goats. The people relied on sheep for milk production. 
However, that area suffered from scanty rainfall and deterioration of grazing 
pastures; these were reflected in decreasing milk production of those 
animals. People of all villages complained from deteriorating grazing land 
and sand encroachment, which led to more death among their animals.  
        The people were occupied with animal raising and the traditional rain 
fed crop production. Most of the people worked in small trade and marginal 
jobs. Thus pastoralists and rain fed traditional farmers income became 
dependent on climatic variations. Most respondents in all five villages said 
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that their income was not enough to purchase their essential family needs 
especially in Wad Abdo. These results indicated that most of the people in 
the five villages were poor.  
       The people eat meat once a week or once in two weeks or in one month. 
The main daily food for all people in this area is Kisra, made from sorghum 
(hemaisy and fatarita) and mixed with some wheat. This indicates 
concentration on starchy food with little protein food, which is needed to 
improve their nutritional status. 
5.3 Recommendations: 
       The people in the study area gave their suggestions based on 
observations and experience on combating desertification. In addition, the 
following recommendations are given: 
1. Establishment of shelterbelts and windbreaks to mitigate and prevent 
the sand encroachment (based on suggestions by the respondents). 
2. Rehabilitation of pastures, use of fire lines, residues of drought 
fodder and grazing grass.   
3. Use of various conservation techniques such as mulching and water 
harvesting technique to improve soil structure and water availability 
in a way to increase productivity. 
4. Improvement of the educational and health services for the area 
under study. 
5. Digging wells for safe water to avoid human diseases. 
6. Application of appropriate laws and legislation for the management 
and protection of the environment. 
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7. Detailed studies should be carried out to cover different aspects (soil, 
vegetation cover, irrigation, etc) more deeply and to emphasize 
combating sand encroachment. 
8. Use of remote sensing and GIS integrated tools to measure 
environmental changes and desertification in the country.  
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Plate 1: Rocky and patchy sand surfaces in study area. 
 
 
Source: Field survey, 2007.    
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Plate 2: Bare ground in study area.  
 
 
 
 Source: Field survey, 2007.    
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    Plate 3: Sand cover accumulation thickness near the house. 
 
 
 
 
 
 
   Source: Field survey, 2007.    
 
 
 
 
 
 
 64
   Plate4: Sand encroachment in study area. 
. 
 
 
 
 
 Source: Field survey, 2007.    
 
 
 
 
 
 
 
 65
 Plate 5: The water sources in study area.  
  
 
 
 
 
 
 
Source: Field survey, 2007.   
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Plate 6: The houses form in Um Harout village. 
 
 
 
 
 
 
Source: Field survey, 2007.   
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     Plate 7: The vegetation cover on wadi flood plain.                       
 
 
  
 
 
 
    Source: Field survey, 2007.   
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  ﻫل ﺍﻟﺩﺨل ﻜﺎﻓﻰ ﻟﺴﺩﺍﺩ ﺇﺤﺘﻴﺎﺠﺎﺘﻙ ؟ -41
  ﻻ/ ﺏ        ﻨﻌﻡ/ ﺃ  
   ﻫل ﺘﺘﻠﻘﻰ ﺇﻋﺎﻨﺎﺕ ؟ -51
  ﻻ / ﺏ        ﻨﻌﻡ / ﺃ  
   ﺇﺫﺍ ﻜﺎﻨﺕ ﺍﻷﺠﺎﺒﺔ ﺒﻨﻌﻡ ﻤﻥ ﺃﻴﻥ ﺘﺘﻠﻘﻰ ﺍﻹﻋﺎﻨﺎﺕ ؟ -61
/       ﻩ  ﺍﻷﻫل ﺍﻷﻗﺎﺭﺏ/ ﺩ  ﻤﻨﻅﻤﺎﺕ/ ﺝ  ﺤﻜﻭﻤﻴﺔ/ ﺏ   ﺩﻴﻭﺍﻥ ﺍﻟﺯﻜﺎﺓ / ﺃ
  ﺃﺨﺭﻯ 
   ﻜﻡ ﻴﺒﻠﻎ ﺤﺠﻡ ﺍﻟﺩﻋﻡ ؟-71
  ـــــــــــــــــــــــــــــــــــــــــــــ
  ﻡ ؟  ﻋﺩﺩ ﺍﻟﻭﺠﺒﺎﺕ ﻓﻰ ﺍﻟﻴﻭ-81
  ـــــــــــــــــــــــــــــــــــــــــــــ
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   ﻤﺎ ﻫﻭ ﻨﻭﻉ ﻏﺫﺍﺀﻙ ﺍﻷﺴﺎﺴﻰ ؟-91
  
  ( ﺸﻬﺭﻯ – ﺃﺴﺒﻭﻋﻰ –ﻴﻭﻤﻰ ) ﻋﺩﺩ ﺍﻷﻴﺎﻡ   ﺍﻟﻨﻭﻉ
    ﻜﺴﺭﺓ ﺫﺭﺓ
    ﻜﺴﺭﺓ ﻗﻤﺢ
    ﺨﺒﺯ
    ﻟﺤﻭﻡ
    ﺨﻀﺭﻭﺍﺕ
    ﺒﻘﻭﻟﻴﺎﺕ
   ﻜﻡ ﻴﻜﻠﻑ ﺸﺭﺍﺀ ﺍﻟﻐﺫﺍﺀ ﺴﻭﺍﺀ ﻜﺎﻥ ﻴﻭﻤﻰ ﺃﻭ ﺸﻬﺭﻯ ؟ -02
   ﺍﻹﺤﺘﻴﺎﺠﺎﺕ ﺍﻟﻴﻭﻤﻴﺔ ؟  ﻫل ﻴﻭﺠﺩ ﺴﻭﻕ ﻟﺸﺭﺍﺀ-12
  ﻻ/ ﺏ        ﻨﻌﻡ / ﺃ  
   ﺼﻑ ﺍﻷﺴﻭﺍﻕ ﺍﻟﻤﻭﺠﻭﺩﺓ ﻭﻤﺎ ﻴﺘﻡ ﺒﻴﻌﻪ ﻓﻴﻬﺎ ؟-22
ــــــــــــــــــــــــــــــــــــــــــــــــ
ــــــــــــــــــــــــــــــــــــــــــــــــ
ــــــــــــــــــــــــــــــــــــــــــــــــ
  ــــــــــــــــــــــــــــــــــــــــ
   ﻤﻥ ﺃﻥ ﻴﺘﻡ ﺸﺭﺍﺀ ﺍﻹﺤﺘﻴﺎﺠﺎﺕ ﻓﻰ ﺤﺎﻟﺔ ﻋﺩﻡ ﻭﺠﻭﺩ ﺴﻭﻕ ؟ -32
  ــــــــــــــــــــــــــــــــــــــــــــــ
   ﻫل ﺃﺜﺭ ﺍﻟﺯﺤﻑ ﺍﻟﺼﺤﺭﺍﻭﻯ ﻋﻠﻰ ﻨﻭﻉ ﺍﻟﻐﺫﺍﺀ ﻋﻤﺎ ﻜﺎﻥ ﻋﻠﻴﻪ ﺴﺎﺒﻘﺎﹰ ﻭﻜﻴﻑ ؟-42
ــــــــــــــــــــــــــــــــــــــــــــــــ
  ـــــــــــــــــــ ـــــــــــــــــــــــــ
   ﻜﻴﻑ ﻴﺘﻡ ﺠﻠﺏ ﺍﻟﻤﺎﺀ ؟-52
  ﺁﺨﺭﻯ/ ﺩ    ﺍﻷﺒﻨﺎﺀ/ ﺝ    ﺍﻟﻤﺭﺃﺓ/ ﺏ    ﺍﻟﺸﺭﺍﺀ/ ﺃ  
   ﻜﻡ ﻴﻜﻠﻑ ﺸﺭﺍﺀ ﺍﻟﻤﻴﺎﻩ ﻓﻰ ﺍﻟﻴﻭﻡ ؟-62
  ــــــــــــــــــــــــــــــــــــــــــــــ
   ﻫل ﻴﻭﺠﺩ ﻤﺭﺤﺎﺽ ؟-72
  ﻻ/ ﺏ        ﻨﻌﻡ / ﺃ  
   ﻨﻭﻉ ﺍﻟﻤﺭﺤﺎﺽ -82
  ﺠﺩﻻ ﻴﻭ/ ﺝ      ﻤﺭﺤﺎﺽ / ﺏ      ﺤﻔﺭﺓ / ﺃ
   ﺃﻴﻥ ﺘﺘﻠﻘﻰ ﺍﻟﻌﻼﺝ ﺇﺫﺍ ﻤﺭﻀﺕ ﺃﻭ ﻤﺭﺽ ﺃﺤﺩ ﺃﻓﺭﺍﺩ ﺃﺴﺭﺘﻙ ؟-92
  ﻋﻼﺝ ﺒﻠﺩﻯ / ﺩ    ﻤﺴﺘﺸﻔﻰ ﺃﻡ ﺩﺭﻤﺎﻥ / ﺝ  ﻤﺭﻜﺯ ﺼﺤﻰ / ﺏ  ﺸﻔﺨﺎﻨﺔ / ﺃ
   ﻜﻡ ﺘﺒﻠﻎ ﺘﻜﺎﻟﻴﻑ ﺍﻟﻌﻼﺝ ﻭﺸﺭﺍﺀ ﺍﻷﺩﻭﻴﺔ ﻓﻰ ﺍﻟﺸﻬﺭ ؟-03
  ــــــــــــــــــــــــــــــــــــــــــــــ
   ﻫل ﺘﻭﺠﺩ ﻭﻓﻴﺎﺕ ؟-13
  ﻻ/ ﺏ        ﻨﻌﻡ / ﺃ  
   ﻤﺎ ﻫﻰ ﺍﻟﻔﺌﺔ ﺍﻟﺘﻰ ﺘﻜﺜﺭ ﻓﻴﻬﺎ ﺍﻟﻭﻓﻴﺎﺕ ؟-23
  ﺁﺨﺭﻯ/ ﺩ    ﻜﺒﺎﺭ ﺍﻟﺴﻥ/ ﺝ      ﺍﻷﻁﻔﺎل / ﺏ  ﺍﻟﻨﺴﺎﺀ/ ﺃ
   ﻤﺎ ﻫﻭ ﺴﺒﺏ ﺍﻟﻭﻓﺎﺓ ؟-33
  ﺁﺨﺭﻯ/ ﺩ    ﺩﻭﺴﻨﺘﺎﺭﻴﺎ / ﺝ   ﺇﻟﺘﻬﺎﺒﺎﺕ ﻭﺇﺴﻬﺎﻻﺕ / ﺏ  ﺴﻭﺀ ﺘﻐﺫﻴﺔ/ ﺃ
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   ﻤﺎ ﻫﻭ ﻨﻭﻉ ﺍﻟﻭﻗﻭﺩ ﺍﻟﻤﺴﺘﺨﺩﻡ ﻓﻰ ﺍﻟﻁﺒﺦ ؟-43
  ﺁﺨﺭﻯ/ ﺩ  (ﺒﻭﺘﺠﺎﺯ )ﻏﺎﺯ / ﺝ      ﺤﻁﺏ / ﺏ   ﻓﺤﻡ / ﺃ
  ﻜﻡ ﻋﺩﺩ ﺍﻟﻐﺭﻑ ؟ -53
  ــــــــــــــــــــــــــــــــــــــــــــــ
   ﻫل ﻫﻨﺎﻟﻙ ﺯﺤﻑ ﺼﺤﺭﺍﻭﻯ ﻤﻠﺤﻭﻅ ﻓﻰ ﻤﻨﻁﻘﺘﻙ ؟-63
  ﻗﻠﻴل / ﺝ      ﻤﺘﻭﺴﻁ / ﺏ    ﻤﺘﺯﺍﻴﺩ / ﺃ
   ﻤﺎ ﻫﻭ ﺃﺜﺭ ﺍﻟﺯﺤﻑ ﺍﻟﺼﺤﺭﺍﻭﻯ ﻋﻠﻴﻙ ؟-73
ــــــــــــــــــــــــــــــــــــــــــــــــ
ــــــــــــــــــــــــــــــــــــــــــــــــ
  ــــــــــــــــــــــــــــــــــــــــــ
  
   ﻫل ﺃﺜﺭ ﺍﻟﺯﺤﻑ ﺍﻟﺼﺤﺭﺍﻭﻯ ﻋﻠﻰ ﺍﻟﻐﻁﺎﺀ ﺍﻟﻨﺒﺎﺘﻰ ﻋﻤﺎ ﻜﺎﻥ ﻋﻠﻴﻪ ﺴﺎﺒﻘﺎﹰ ؟-83
  ﻻ/ ﺏ        ﻨﻌﻡ / ﺃ  
  ﺍﻟﺘﻰ ﻜﺎﻨﺕ ﻤﻭﺠﻭﺩﺓ ﺴﺎﺒﻘﺎﹰ ﻭﺍﻵﻥ ؟( ﺍﻟﻐﻁﺎﺀ ﺍﻟﻨﺒﺎﺘﻰ )  ﻤﺎ ﻨﻭﻉ ﺍﻷﺸﺠﺎﺭ -93
  :ﺴﺎﺒﻘﺎﹰ   
  
  :ﺍﻵﻥ   
  ﻘﺔ ﺃﻭ ﻜﺎﻨﺕ ﻫﻨﺎﻟﻙ ﺃﻤﻁﺎﺭ ﻏﺯﻴﺭﺓ ؟ ﻤﺘﻰ ؟ ﻭﻤﺎ ﺃﺜﺭﻫﺎ ؟ ﻫل ﺤﺩﺙ ﻓﻴﻀﺎﻥ ﻓﻰ ﺍﻟﻤﻨﻁ-04
  ــــــــــــــــــــــــــــــــــــــــــــــ
  ــــــــــــــــــــــــــــــــــــــــــــــ
   ﻤﺎ ﻫﻰ ﺃﻗﺘﺭﺍﺤﺎﺘﻙ ﻟﺘﺨﻔﻴﻑ ﺃﺜﺭ ﺍﻟﺯﺤﻑ ﺍﻟﺼﺤﺭﺍﻭﻯ ﻋﻠﻴﻙ ؟-14
ــــــــــــــــــــــــــــــــــــــــــــــــ
ــــــــــــــــــــــــــــــــــــــــــــــــ
  ــــــــــــــــــــــــــــــــــــــــــ
   ﻤﻼﺤﻅﺎﺕ ﺸﺨﺼﻴﺔ -24
ــــــــــــــــــــــــــــــــــــــــــــــــ
ــــــــــــــــــــــــــــــــــــــــــــــــ
  ــــــــــــــــــــــــــــــــــــــــــ
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